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INTRODUCTION

The objectives of the Dynamics Explorer mission are to investigated the coupling of

energy, mass and momentum among the Earth's magnetosphere, ionosphere and upper

atmosphere. At launch, on August 3, 1981, DE-1 was placed into an elliptical polar orbit

having an apogee of 23,130 km to allow global auroral imaging and crossings of auroral

field lines at altitudes of several thousand kilometers. At the same time DE-2 was placed

into a polar orbit, coplanar with that of DE-1 but with a perigee altitude low enough (309

km) for neutral measurements and an apogee altitude of 1012 km.

The DE-1 High Altitude Plasma Instrument (HAPI) provided data on low and

medium energy electrons and ions from August 13, 1981 until December 1, 1981, when a

high-voltage failure occurred. Analysis of the HAPI data for the time period of this

contract has produced new results on: (1) the source mechanisms for electron conical

distributions, (2) particle acceleration phenomena in auroral acceleration regions, (3)

Birkeland currents throughout the nightside auroral regions, (4) the source region for

auroral kilometric radiation (AKR), and (5) plasma injection phenomena in the polar

cusp.

The DE Science Team, at its meeting on March 7 and 8, 1989, identified four Team

Science Objectives:

1. Plasma physics of the auroral acceleration region,

2. Dynamical interactions between the thermosphere and the magnetosphere,

3. The ionosphere as a source of plasma for the magnetosphere,

4. Electrodynamic coupling as a function of substorm phase and IMF direction.

Most of the DE-1 HAPI research that has been done under this contract contributes to the

first objective, plasma physics of the auroral acceleration region, although objectives (3)

and (4) are also represented in the work.

I. SUMMARY OF ACCOMPLISHMENTS

Discussed below are some of the major accomplishments of the HAPI data analysis

effort during the contract period.

A. Investigations of Source Mechanisms for Electron Conics

Electron conics were observed in the DE-1 data by Menietti and Burch [1985], who

reported them to be associated with trapped particles and parallel electric fields. The

authors suggested perpendicular heating via wave-particle interactions as a source
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mechanism,in analogywith ion conicformation.Lundinet al. [1987]andHultqvist et al.
[1988]laterreportedobservationsof electronconicsin theViking dataandsuggestedthat
a parallel potential differencethat varies in magnitudeover a fraction of an electron
bounceperiodmightexplainelectronconicsthat wereobservedto beassociatedwith ion
conics. For plasmaparameterscharacteristicof thoseobservedby DE-1 in the mid-
altitudenightsideauroralregion,Wonget al. [ 1988]haveshownthat upperhybrid waves
generatedby aloss-conedistributionin a backgroundcold plasmacanpreferentiallyheat
theelectronpopulationin anmagneticallyobliquedirectionby cyclotronresonance.They
pointedout that anyparticledistribution that producesdf/dv.l_> 0 might act asthe free
energysource.

Wong et al. [1988] alsopointedout that becauseof thedependenceof thediffusion
coefficient onenergyandpitchangle,upperhybrid waveswill heattheelectronsin both
theparallel andperpendiculardirections.By contrast, for the case of parallel acceleration

only, the ratio of upgoing to downgoing electrons at any specific perpendicular energy

should always be unity except in the case of lower energy backscattered electrons. For all

of the observed electron conical distributions presented by Menietti and Burch [1985],

however, more particles were detected moving up the field line than down, with the ratio

as large as 1.45.

Recently Menietti et al. [1992] have reported observations by both particle and

plasma wave instruments on board DE-1 and the Swedish Viking satellite that

demonstrate the presence of intense upper hybrid waves at mid-altitudes of the polar

magnetosphere in association with electron conical distributions. This work suggests the

possibility that upper hybrid waves heat electrons perpendicular to the magnetic field and

are responsible for at least some electron conical distributions. Of 12 DE-1 orbits on

which electron conics were observed in the Menietti et al. [1992] study, waves near the

upper hybrid frequency were seen (within about 30 seconds of the time of one frequency

sweep of the plasma wave instrument, PWI) on 10 of them.

The above studies have thus far demonstrated by theory and simulation that electron

conics can be generated by upper hybrid waves (perpendicular heating) although other

sources such as, electron acoustic waves, Langmuir waves, and Alfvrn-ion cyclotron

waves have been suggested by others. More experimental and theoretical research

remains to be done before the process or processes responsible for electron conical

distributions can be identified with certainty.

Bo Investigations of Particle Acceleration Phenomena in Auroral Acceleration

Regions

Gurgiolo and Burch [1988] combined HAPI data and computer simulation techniques

to determine the altitude profile of parallel potential distributions associated with auroral

electron acceleration. An unexpected result was obtained. Agreement between the

computer model and the HAPI data could only be found if the potential structure was

split into a lower-altitude part and a higher-altitude part, with the spacecraft in a region

containing no parallel electric fields. This was the first evidence of a split-type potential
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distribution, and it can explain several other features of auroral ion and electron
distributions.

The surprisingresultobtainedby Gurgiolo andBurch [1988] raisedthequestionsof
what type of electron distribution would be expectedto be observedwithin a region
containingaparallel electricfield andwhetheror not suchdistributionsareeverseenin
theHAPI data.Thepaperby Burchet al. [1990] reportstheobservationof anew typeof
auroral electrondistribution,which hasthe characteristicsof a bi-directional conic and
which can be reproducedby testparticle simulations.The conclusionof Burch et al.
[1990] is that thetypical midaltitudeauroralelectrondistribution that hasbeenobserved
by severaldifferent spacecraftis characteristicof a field-free region betweenparallel
potentialdrops.Theelectrondistributionthatis expectedwithin aparallelelectricfield is
quitedistinct andis only rarelyobservedbyDE-1.

C. Observations of Birkeland Currents Throughout the Nightside Auroral Regions

By means of comparisons of the DE-1 HAPI data with the DE-1 MAG-A data, we

have determined that at altitudes of several thousand to 20,000 kilometers upward-

moving ionospheric electrons in regions of significant Birkeland currents are accelerated

to energies above 5 eV, and hence all the major charge carriers can be observed by the

HAPI instrument. This is not true at low altitudes, where upward-moving cold electrons,

not observable with contemporary particle detectors, carry most, if not all, of the

downward current. The major potential charge carriers are the accelerated cold electron

beams (upward and downward), upward ion beams and conics, and precipitating

electrons. While all of these populations, and sometimes others, can contribute significant

current densities, we have found the cold electron beams to be the most common carriers

of downward currents and, along with precipitating electrons, to carry the upward current
as well.

In a recent published by Marshall et al. [1991] data from the DE-1 HAPI and MAG-A

were used to examine particle acceleration and Birkeland current phenomena in the mid-

altitude (10,000-20,000 km) nightside auroral region. Field-aligned current densities as

derived from the two instruments were compared, generally resulting in good agreement.

Comparisons were then made between the currents predicted by the model of the Knight

[1973] for the parallel potential drops inferred from the HAPI data. It was found that

large discrepancies resulted unless the full Knight formula (instead of the commonly used

approximation) was used, including the temperatures of the observed electron

distributions. The conclusion reached by Marshall et al. [1991] was that the Knight

formula can predict fairly accurately the observed relationships between the parallel

potential drop and the upward field-aligned current. Downward field-aligned currents, on

the other hand, appear to be carried by suprathermal electron bursts, which may or may

not be associated with parallel potential drops.
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D. Studies of the AKR Source Region

According to Wu and Lee [1979] the most likely source of free energy for the

generation of AKR is the loss-cone distribution within a region of depleted plasma

density where the ratio of electron plasma frequency to gyrofrequency (o_p/_g) is less
than 0.3. This distribution provides the requirement of the cyclotron maser instability that

df/dv± > 0, and the theory has had success in explaining the observations to date.

Menietti et al. [1993] recently reported DE-1 particle and wave data for a pass of the

nightside auroral region near an AKR source center. They compared their results to those

reported by Viking and also to recent numerical simulation studies of Winglee and

Pritchett [1986], which show a great similarity to the observations. As noted by Menietti

et al. [1993], adjacent to and generally poleward of the AKR region was a region of

electron distributions with t±/tll>> 1. Menietti et al. [1993] have presented DE-1 data that

could indicate that a mechanism suggested by Winglee and Pritchett [1986] is responsible

for producing a distribution with df/dv±>0 outside the forbidden region and that the

cyclotron maser instability itself leads to population of the forbidden region as well as to

the AKR wave growth.

The simulation studies of Winglee and Pritchett [1986] demonstrated how the

competition between the bump-in-tail instability and the cyclotron maser instability can

then produce diffusion along both the parallel and perpendicular directions, with the

resulting distribution depending on the initial parameters such as the electron density and

the wave propagation angle, but much more experimental evidence with data acquired at

higher rates will be necessary to confirm this possibility.

E. Plasma Injection Phenomena in the Polar Cusp

The polar cusp is the only region of the magnetosphere through which solar-wind plasma

has been observed to enter the magnetosphere directly. In addition to the direct

penetration of solar-wind plasma, there is also propagation of waves that are excited at

the magnetopause by processes such as the Kelvin-Helmholtz instability. Both

phenomena carry energy down the polar cusp into the upper ionosphere where it can

produce strong heating of ionospheric plasma. As a result of this heating, there is an

enhanced outflow of ionospheric plasma known as the cleft ion fountain.

It has been suggested that downflowing ions in the cusp can generate waves

around the lower hybrid frequency and multiples of the ion gyrofrequencies, and that

such waves can cause ion conics. More recently Viking and DE-1 data have been used to

study cyclotron resonance heating and double cyclotron absorption in the cusp. Along

these same lines, Winglee et al. [1993a, b] have considered the injection of energetic

magnetosheath plasma through the polar cusp and the ion heating and upward ion conics

that may result. Their approach was to use Dynamics Explorer plasma measurements to

characterize the two mesoscale phenomena that are easily observed in the cusp (the cusp

ion flows and the large-scale ion conic population) and to explore the microscale

processes responsible for the ion heating with particle simulations.
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Observations from Dynamics Explorer 1 have shown that the injected
magnetosheathions have very distinct characteristics, forming a "V" shape on
energy/pitch-anglespectrograms[Burchet al., 1982].This unique spectralfeaturearises
from thefact that thetransit time from theinjectionregion to thepoint of observationin
the mid-altitude cusp is a function of ion pitch angle. Both impulsive injection and
injection througha restricted region in a convectionelectric field can lead to the "V"
signatures.

Wingleeet al. [1993b]haverecentlyshownfrom DE 1datathatcuspion injection is
subjectto shortperiodmodulation(of about10- 18secondswith an injectiondurationof
only a few seconds).This modulationis shownto beassociatedwith modulationof the
characteristics of the outflowing ionospheric plasma owing to the interaction of
magnetosheathandionosphericplasma.Thereis clearlyanassociationbetweenthesetwo
mesoscalephenomena,which suggeststhat they arecoupled by microscaleprocesses
occurringat temporal scalesnot observablewith DE 1. Even with the availabledata,
however,Wingleeet al. [1993b]havenotedacorrelationbetweenthecuspion injections
andthe ion conicsalongwith concurrentperiodicitiesin upgoingand downgoingcusp
electrons.The possibility that the magnetosheathions can provide a net downward
momentumtransfer to the ambient ions as well as enhancingtheir heating rate was
investigatedby Wingleeet al. [1993b]with electrostaticparticlesimulations.

Theresultsof thesimulationsperformedbyWingleeet al. [ 1993b]areconsistentwith
theDE-1datain thatthemagnetosheathion injectionsinitially suppresstheupwardion
conics,asdownwardmomentumis impartedto theambientions,but theconics
strengthenastheion injectiondiminishesasaresultof aheatingprocess,which is a slow
speedion-ion drift instabilitybetweentheoutflowingheavyions andtheH+ ions.

F. Support of Studies Led by Other DE Groups

A number of other DE studies have been supported by our analysis of HAPI data for

other groups. Several of these studies have been completed and are represented by

publications listed in Section II.
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